Spontaneous bacterial peritonitis (SBP) is an infection of the ascitic fluid in the absence of other intra-abdominal sources. The risk is high in those with concomitant gastrointestinal bleeding, low ascitic fluid protein, or a previous attack of SBP. Norfloxacin is used widely in the primary prophylaxis of SBP but resistance usually develops where rifaximin was introduced. Patients and methods A total of 80 patients with advanced liver cirrhosis attending the Hemostasis Unit, Emergency Hospital, Mansoura University, with upper gastrointestinal bleeding were subjected to full history, clinical examination, laboratory assessment, and ascitic fluid analysis. The patients were divided into two groups: the first group received rifaximin plus norfloxacin and the second group received norfloxacin only and the two groups were followed up for 1 year.
Introduction
Spontaneous bacterial peritonitis (SBP) is a primary form of peritonitis where infection of the ascitic fluid occurs in the absence of other abdominal sources. It is a major complication of ascites and represents the end result in a series of events, starting with intestinal bacterial overgrowth and the translocation of bacteria resulting in bacteremia, endotoxemia, colonization of mesenteric lymph nodes, and finally migration of bacteria into the ascitic fluid [1] .
The prevalence of SBP is between 10 and 30% in cirrhotic patients with ascites. The risk is higher in those with a previous attack of SBP, low protein concentration in ascitic fluid, or presence of concomitant gastrointestinal (GI) bleed [2] . The endogenous microbial flora translocation into the blood stream usually occurs during any endoscopic procedure [3] . After diagnostic upper GI endoscopy, the mean frequency of bacteremia is about 4.2%. The rate can be more with therapeutic procedures [4] .
The diagnosis of SBP is based on the presence of an elevated ascitic polymorphonucleocytes (PMNs) count (>250/mm). If the aspiration brings bloody fluid (>10 000 red blood cells/mm), then we should subtract one PMN for every 250 red blood cells to determine the ascitic PMN count. However, culture of the ascitic fluid is negative in 40% of cases of SBP diagnosed by elevated ascitic PMNs [5] .
The main causes of death in patients with SBP are hepatorenal syndrome, sepsis, and liver cell failure. In addition, patients with SBP show poor prognosis where 1-year mortality is about 50-70% [6] .
The high mortality rates of patients with SBP warrant the importance of its prevention. The aim of administration of antibiotics is to decrease the burden of bacteria in the gut, thus interrupting the sequence of events leading to ascitic fluid infection [7] .
Norfloxacin at a dose of 400 mg daily is being used widely in the primary prophylaxis of SBP; however, its extensive long-term use leads to increased incidence of Gram-positive and quinolone-resistant SBP [7] .
Rifaximin has a broad spectrum of antibacterial activity with high concentrations in stool and negligible absorption into the systemic circulation [8] . Therefore, it has been proposed as an oral candidate antibiotic to prevent SBP in the absence of systemic side effects [9] . Studies suggest that rifaximin suppresses intestinal bacterial overgrowth, which in turn reduces bacterial translocation, which may reduce the incidence of SBP in patients with liver cirrhosis [10, 11] .
Aim
In this study, we tried to assess the safety and efficacy of rifaximin plus norfloxacin in comparison to norfloxacin alone in primary prophylaxis of SBP in patients with variceal bleeding and its impact on patient survival.
Patients and methods

Patients
This is a comparative, descriptive, cross-sectional study that was conducted on 80 patients attending the Hemostasis Unit, Emergency Hospital, Mansoura University, from December 2016 to June 2018 with upper GI bleeding. All patients were subjected to full history taking with stress on history of previous attacks of upper GI bleeding, SBP, GI surgery, or history of previous attacks of hepatic encephalopathy. Complete examination with stress on manifestations of hepatic decompensation was done for all patients.
Laboratory assessment
Complete blood count, serum creatinine, complete liver function tests, hepatitis C virus antibodies, hepatitis B virus surface antigen, and complete ascitic fluid analysis were done for all patients.
Imaging studies
Abdominal ultrasonography was done for all patients to confirm the presence of ascites and aspiration of ascitic fluid sample.
The patients were divided into two groups:
(1) Group 1: patients who received rifaximin 550 mg twice daily plus norfloxacin 400 mg twice daily starting from the second day of bleeding. (2) Group 2: patients who received norfloxacin 400 mg twice daily alone starting from the second day of bleeding.
The two groups were followed up for 1 year and examined every 3 months for ascitic fluid analysis or when clinical manifestations of SBP such as fever, abdominal pain, or tenderness are present. Diagnosis of SBP is confirmed when the ascitic fluid PMN count is more than 250/mm. The cause of death and the overall survival of patients were monitored. Drugs were stopped if an attack of SBP occurred (PMN count >250 cell/mm in ascitic fluid with or without clinical manifestations), had upper GI bleeding, or underwent liver transplantation.
Statistical analysis
Data were entered into a computer and analyzed using IBM SPSS software package version 20.0 (USA). Qualitative data were described using number and percentage. Quantitative data were described using mean, SD for parametric data after testing normality using the Kolmogrov-Smirnov test. Significance of the obtained results was judged at the 5% level and all tests were two-tailed.
Student's t-test and Mann-Whitney U-test were used to compare between two studied groups with parametric and nonparametric variables, respectively. χ 2 -test, Monte Carlo test and Fischer's exact test were used to compare categorical variables as appropriate. Kaplan-Meier survival curve and log-rank test were used to compare the effect of drug regimen use on SBP. Binary stepwise logistic regression analysis was used for the prediction of independent variables of SBP. Significant predictors in the univariate analysis were entered into the regression model using the forward Wald method. Relative risk and their 95% confidence interval were calculated.
Ethics
Written consents from the patients participated in the study or from their families were obtained and approved by the Mansoura Medical Ethics Committee (MMEC) of the Faculty of Medicine.
Results
The study enrolled 80 patients, 51 men and 29 women with a mean age of 58.83±5.02 years for group 1 and 58.35±4.95 years for group 2 (Table 1) . In Table 2 , we collect the clinical characteristics of the studied groups where there were no statistically significant difference between the two groups except for the presence of focal lesions that was significantly present in group 2. There were no statistically significant difference between the two groups as regards the laboratory characteristics as shown in Table 3 . Table 4 shows the incidence of SBP and cause of death in the two groups where a significant increase in the incidence of SBP in group 2 was present with P=0.014. Also, SBP and sepsis were significantly present as the main causes of death more in group 2 with P=0.01. Table 5 shows the median time of developing SBP in the studied groups where it was significantly shorter in the second group. Kaplan-Meier survival curve was used for drugs to predict survival among the studied groups as shown in Fig. 1 . Table 6 shows the regression analysis in the prediction of SBP. 
Discussion
SBP is a major complication of ascites that affect a considerable number of patients with high morbidity and mortaliy. Primary prophylaxis of SBP have been associated with significant improvement in patient survival. Several studies have evaluated many protocols in the era of primary prophylaxis [12] [13] [14] .
The risk of SBP increases in patients with GI bleeding and after diagnostic or therapeutic upper GI endoscopy as they are the main source of bacteremia and endotoxemia through translocation of bacteria from the gut to the ascitic fluid. Owing to the broad spectrum antibacterial effect of rifaximin in the gut with minimal systemic absorption, we evaluated the benefits of adding rifaximin to norfloxacin as a protocol for primary prophylaxis of SBP in patients with variceal bleeding.
In our study, we enrolled 40 patients in each group with a mean age of 58.83±5.02 years for group 1 and 58.35 ±4.95 years for group 2 with no difference in sex distribution between the two groups and this suggests that the two groups are cross-matched (Table 1) .
In our study, we have included patients with high risk to develop SBP, so we enrolled patients with variceal bleeding as it is an important source of endotoxaemia even after diagnostic or therapeutic upper GI endoscopy [4] . We also enrolled patients with Child-Pugh class B and C which are indicative of the presence of advanced liver disease where low serum albumin and elevated serum bilirubin are predictors of SBP [15, 16] .
In the current study, when we analyzed the clinical and laboratory characteristics of our patients, we found no statistically significant difference between the two groups except for the presence of focal lesions that was significantly present in group 2 (Tables 2, 3 ). Also, there were no significant differences between the two groups as regards the presence of low levels of protein in the ascitic fluid which is a standarized risk factor for SBP especially in patients with GI hemorrhage (Table 3 ). This shows that the patients of the two groups are crossmatched as regards the degree of severity of liver disease and consequently the incidence rates of SBP in the two groups is related to the drugs used in primary prophlaxis.
To our knowledge, the combined use of norfloxacin and rifaximin as a protocol for primary prevention of SBP in high-risk patients has not been studied before, especially in Egypt where the majority of studies evaluated rifaximin or norfloxacin alone or their alternating use. Owing to the decreased efficacy of some prophylactic protocols based on norfloxacin, we evaluated the safety and efficacy of combined use of norfloxacin and rifaximin in the primary prevention of SBP in patients with variceal beeding.
In our study, the addition of rifaximin to norfloxacin showed considerable improvement in the primary prevention of SBP in comparison to norfloxacin alone, where 24 (60.0%) patients of group 2 developed SBP to 13 (32.5%) patients in group 1 with P=0.014 (Table 4 ) over the duration of followup. The higher incidence of SBP in patients with variceal bleeding who received norfloxacin alone may be partly explained by the recent advances in understanding the pathogenic microbiota responsible for SBP. Selective intestinal decontamination, using norfloxacin, may have led to the emergence of antibiotic-resistant microorganisms in the gut flora, which may be accused for the recent increase in the incidence of SBP caused by Gram-positive organisms [17, 18] . However, in our study we have not isolated the bacteria causing SBP. Despite this, the higher efficacy of the combined use of norfloxacin and rifaximin in primary prophylaxis for SBP may be due to the broader spectrum coverage of rifaximin including Grampositive organisms.
Fenandez et al. [19] evaluated norfloxacin use in primary prophylaxis which showed a 93% reduction in the incidence of SBP over 1 year when compared with placebo in comparison to our study that showed only 40% reduction in our patients who received norfloxacin. This discrepancy may be related to the scope of patients included in our study who show a high Figure 1 Kaplan-Meier survival curve for drugs used to predict survival among the studied groups. risk to develop SBP besides the sporadic use of antibiotics in our community.
Prophylaxis of SBP with norfloxacin becomes not effective as in the past due to the increased frequency of bacteria resistant to quinolones in the fecal flora of patients with liver cirrhosis secondary to the widespread use of these agents [20] . Parallel to our study, Hanouneh et al. [21] showed 72% prevention rates of SBP in their study on 404 patients with cirrhotic ascites.
On the basis of these results, an important question arises which is about the percentage of patients in group 1 who developed SBP that represents 32.5% of cases (Table 4 ). This can be explained by a study in patients with liver cirrhosis demonstrating that treatment with rifaximin changed the pattern of metabolites, produced by the intestinal bacteria rather than the quantity of bacteria [22] . Another possible explanation for the occurrence of SBP under treatment with rifaximin is that direct bacterial translocation from the intestine may not be the only route of infection, as supported by the analysis of bacterial DNA in ascites [23] .
In our study, we did not find any significant effect of the type of varices or the therapy applied to it on the incidence rates of SBP in our groups (Table 2) . A meta-analysis showed a significant beneficial effect of prophylaxis with antibiotics in decreasing the occurrence of bacterial infections and mortality in patients with cirrhosis who develop GI bleeding where most of their groups were submitted to endoscopic therapies [3] . Patients with active or recent bleeding are more susceptible to the invasion of bacteria through a defective variceal wall [24] .
In the present study, the median time of developing SBP was significantly prolonged in group 1 (25 weeks) in comparison to group 2 (16 weeks) with P=0.02 (Table 5 and Fig. 1 ). This was associated with a significant improvement in patient survival, where it was significantly prolonged in group 1 in comparison to group 2 with P=0.04 ( Table 2 ). The mortality rates were higher in the second group and was related mainly to sepsis with P=0.01( Table 4) .
In accordance with our study, Shamseya and Madkour [13] showed a reduction in mortality rate from 9.3% with norfloxacin compared with 7% with rifaximin. Similarly, Assem et al. [14] showed a reduction in mortality rate with rifaximin (2.4%) versus norfloxacin (7.6%). The leading causes of mortality across all studies were hepatic encephalopathy, sepsis, variceal bleeding, and hepatorenal syndrome. This demonstrates the beneficial effect of rifaximin on those patients. On the other hand, Frazee et al. [25] ) concluded that cirrhotic patients with low ascitic fluid protein levels who has no previous SBP may benefit from long-term antimicrobial prophylaxis. However, the magnitude of the benefits was smaller and the incidence of overall infections and mortality are not changed [14] .
The high cost of rifaximin may limit its use. The risk/ benefits of rifaximin plus lactulose use for hepatic encephalopathy besides norfloxacin for prophylaxis of SBP compared with rifaximin plus lactulose alone may be of clinical interest especially in patients with GI bleeding. However, analysis of our data showed that the patients using norfloxacin alone is at an increased risk of SBP 3.12 times more than patients using a combined drug regimen; the clinician will need to treat four patients in order to prevent one SBP (Table 6 ).
Our study may be limited by some factors such as the relatively small number of patients included in the study, the etiology of liver disease, the effect of presence of hepatic focal lesions, time of starting prophylaxis, dose of drugs used, and lastly the lack of separation of microorganism causing SBP which prevents the sensitivity testing of the used antibiotics. Despite this, the results of our study showed that the addition of rifaximin to norfloxacin has a beneficial effect on the incidence rates of SBP as well as on the survival of patients with variceal bleeding; so our protocol may be suitable for this sector of patients.
Conclusion
Combined use of rifaximin and norfloxacin is superior to norfloxacin alone in primary prophylaxis of SBP in patients with variceal bleeding.
